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Abstract: 

The cement clinker burning process is ah extremely complex dynamical process, which 
currently is just fairly understood. 

A new wholistic approach for modelling and simulating of the process was made in co- 
operation with an experienced 

manufacturer of cement production plants. The developed simulation framework is 
extendable and arbitrary plant configurations 

can be described due to an object-oriented modeling concept. Thus the continuously 
increasing process-know-how can be 

incorporated in an evolutionary way. The simulation framework was implemented with the 
Dymola simulation system. Plant 

components are represented by modules accompanied by a visual representation. A 
process model generated by Dymola was 

then connected to an existing process automation system of cement plants by using a 
message passing system. The result is an 

interactive simulator for sihiple training purposes, that in the future might be used for further 
applications. This demands the 

extension and optimisation of the model and suitable parameter values and initial starting 
values. 
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ABSTRACT 

The cement clinker burning process is an ex- 
tremely complex dynamical process, which cur- 
rentiy is just fairly understood. A new wholistic 
approach for modelling and simulating of the 
process was made in co-operation with an experi- 
enced manufacturer of cement production plants. 
The developed simulation framework is extend- 
able and arbitrary plant configurations can be 
described due to an object-oriented modeling 
concept. Thus the continuously increasing proc- 
ess-know-how can be incorporated in an evolu- 
tionary way. The simulation framework was in- 
plemented with the Dymola simulation system. 
Plant components are represented by modules 
accompanied by a visual representation. A proc- 
ess model generated by r>ymola was then con- 
nected to an existing process automation system 
of cemerit plants by using a message passing sys- 
tem. The result is an interactive simulator for 
simple training purposes, that in the future might 
be used for further applications. This demands the 
extension and optimisation of the model and suit- 
able parameter values and initial starting values. 

INTRODUCTION 

As opposed to many other industrial processes 
(like most chemical production plants and power 
plants) detailed and vahdated mathematical mod- 
els are still missing for the cement production 
process. Despite its economical importance so far 
only a few steady-state models were developed 



for some parts of the whole system (Fig. 1) and 
the basics of the thermodynamical, chemical and 
mechanical processes taking place. 



to raw-grinding mill and 
electrical precepitator 




Fig. 1: Cement production plants are complex processes con- 
taining many separate units. 



One reason for this lack of models might be the 
enormous niimber of chemical components in- 
volved in that high-temperature, multiple phase 
system. Moreover the process inputs, i.e. * raw 
materials and fuels, are not well defined and h- 
homogeneous. These elements continuously enter 
the process and undergo many, even today just 
fairly known chemical transformations which 
depend on temperature, solid and gas velocities 
and flow, pressure, the existence of reactives, 
reaction time etc. The burning and material trans- 
formation processes happen sequentially and/or 
parallel in the same and/or different parts of the 
cement plant (Fig. 2). The dynamical system is 
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mostly not in a thermodjoiamical equilibrium or 
steady-state. 

Despite these problems the more and more re- 
strictive plant operation conditions with respect to 
energy consumption, environmental protection 
and quality insurance on the one hand and process 
control, plant design and control or training of 
personnel on the other hand, lead to a rapidly 
increasing demand for modelling and simulation. 
Some first attempts to simulate the process 4^- 
narnically have been made, but the used models 
either include no detailed chemical reaction ki- 
netics or are based on one fixed plant design 
(KHD 1999). 




Fig. 2: Using the Dymola simulation framework an object- 
oriented implementation of the different units of a cement plant 
was realised. 



THE CEMENT PRODUCTION PROCESS 

After mining, crushing and prehomogeniziiig in 
blending beds the raw materials are proportioned, 
ground and dried in large ball or roller mills 
(VDZ 2000). Further homogenizing in large ca- 
pacity silos takes place before the raw meal is 
conveyed to the preheater. In this cyclone cascade 
the meal is heated up and dried by the counter- 
flowing hot kiln exhaust gas. The decomposition 
of limestone into CaO and CO2, i.e. calcining, 
happens mainly in the calciner, an at the bottom 
of the preheater installed burning chamber. 
The heart piece of a cement production plant is 
represented by a rotary kiin in which sintering of 
the material takes place. At temperatures of about 



1500 degrees Centigrade CaO fusions with Si02, 
AI2O3 and Fe203 to new granular compounds, the 
cement clinker. The heat of this main component 
of cement is nearly completely recovered in the 
clinker cooler. 

After adding gypsum arid other extra materials the 
clinker finally becomes fine ground and the prod- ' 
uct is stored as cement. Because of the counter- 
current operation and various bypass-modules, 
e.g. the tertiary air main from the cooler to the 
calciner, several gas cycles occur. Because the gas 
is always containing meal, ashes and fuels, cycles 
of solid materials also emerge. 

TARGET DEFINITION 

As a medium-term target for the development of a 
cement plant simulator the training of plant qp- 
erators is a reachable goal (Klein 1999), because 
in this case the plant behaviour must only be 
qualitatively reproduced. However with increas- 
ing process-know-how this simulator should be 
extendable to be used for further applications, up 
to being used for plant development and design. 
This makes an evolutionary framework of model- 
ling and simulation necessary. Moreover the 
simulator might be helpful finding answers on 
today's questions like how to effectively reduce . 
emissions of SO2, NO^ and heavy metals or the 
influence of wastes as a replacement for tradi- 
tional fuels and raw materials. 
Li cooperation with Krupp Polysius, a world wide 
operating manufacturer of cement production 
plants, such a universal concept for modelling and 
simulation of the cement clinker burning process 
was developed; A first prototype of the extend- 
able simulator was connected to a process control 
system for cement plants (Urbanke 2000). Simple 
simulations for training purposes are already pos- 
sible. - 

DEMANDS AND METHODS 

This contribution mainly deals with the object- 
oriented system modelling concept and the con- 
nection of the simulator to the process control 
system. 



Modelling Concept 

While choosing a suitable software-tool for mod- 
elling and simulation, the following demands had 
to be considered: 

1. The separate units of the entire process should 
be organised in a module library. By the 
flexible coupling of modules the entire plant 
should be assembled. 

2. Without having to redesign the whole system, 
the mathematical models within the single 
modules should be, as a part of the evolution- 
ary method, changeable and extendable. 

. 3. Dynamic and quasi-steady-state models of the 
process components must be mixed in one 
plant model. * - 

4. A visiaalisation tool for the description of 
different plant configurations should be avail- 
able. 

5. Li order to use the simulator for training pur- 
poses it should be connectable to the process 
control system. 

Taking these points into account, the object- 
oriented modelling and simulation tool DYMOLA 
(Cellier et al. 1995) was used for implementation 
of the module library. In recent years, Dymola 



mainly was used for modelling of 'multidisciplin- 
ary systems in the fields of mechatronics or ly- 
draulics. Therefore little experience in using this 
tool for simulating process technologies is exist- 
ing. As soon as the simulator is running stable the 
model shall be transformed to the successor tool 
Modelica (Otter 1997). 

To fulfil the demand for extendibility of the mod- 
els the module interfaces were standardised, so 
that there is one type of connections for gaseoiis 
and one type for solid streams. The gaseous 
streams consist of 69 components, whereas a solid 
stream has 52 elements (Fig. 3). Thus when con- 
necting two modules 138 respectively 104 process 
variables are linked. The number of components 
may later on be increased. 

Component models were developed and impfe- 
mented for exhaust filters, cyclones, calciners, the 
tertiary air main, bypass, different kiln regions 
and the clinker cooler. Corresponding to the great 
number of components in the gaseous and solid 
phases many mathematical equations had to be 
implemented in every module. The processes 
taking place within the modules are mainly cfe- 
scribed by mass and enthalpy balances. 
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Fig. 3: Process modules are linked by two possible types or connections. 
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Fig. 4: Arbitrary system conflgurations can be assembled by drag & drop, using modules from the library. 

Since only inadequate detailed knowledge about 



many chemical and thermodynamical processes is 
available, at present, the temperature dependent 
kinetics of those reactions are substituted by 
rather raw matheniatical approximations. Burning 
processes are defined in a separate module, which 
might be imported in those modules where burn- 
ing of gaseous, liquid and solid fuels takes place. 
All modules are organized and visualized in a 
graphical library. With the modelling tool Dymo- 
Draw their linking to an arbitrary system configu- 
ration is easily possible by drag & drop (Fig. 4). 
In this early stage of process modelling many of 
the chemical components and their detailed be- 
haviour could not be considered in every module. 
Thus a great number of trivial equations result 
when creating a complete system or model. These 
equations are mostiy eliminated by Dymola with 
the means of symbolic manipulations. Neverthe- 
less a complete model of even a small plant con- 
tains more than 200 differential and about 6000 
algebraic equations. 

Several non-linear algebraic loops occur because 
of the existence of material cycles and non-linear 
relations. With the integrated tearing-algorithm of 
Dymola (Elmqvist and Otter 1994) these loops are 
transformed to iterations with up to 20 variables. 
Developing such sophisticated models always 
includes the risk of errors in the models, typed 
equations or nximerical algorithms. To reduce that 
risk the models were step-by-step designed and 
tested: 



and enthalpy balances 
redundant equations in 



were 
every 



1. The mass 
checked by 
module. 

2. The qualitatively right behaviour of every 
module was checked by simulating them 
separately with individual input- values. 

3. I>ymola automatically checks, if the system 
of equations is well determined, i.e. that every 
variable is solved by exactly one equation. 

Nevertheless the first calculations ran into nu- 
merical problems, because the algebraic loops 
could riot be consistently solved. Reasons for this 
are either a still inconsistent model or a lack of 
numerical stability of the implemented algorithm 
for solving such non-linear systems of equations. 
To reduce the number and size of algebraic loops 
storage variables were included in the involved 
modules. Additionally some of the non-linear, 
temperature dependent relations were simplified. 
The remaining loops with up to 4 iteration vari- 
ables are solved successfully and simulation runs 
can be carried out. After tuning the initial values 
and some system parameters the qualitatively 
proper simulation of even complex plants is now 
possible. 

Connecting Of Simulator And Process, 

Li order to obtain a realistic simulation environ- 
ment for the training of plant operators, the simu- 
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lator has been directly connected to the process 
automation system of Krupp Polysius (Fig. 5). 
Although r>ymola supports DDE, this method was 
rejected because of its vmsure future development 
and its known susceptibility to failures. Instead 
the realisation of the process interface was done 
directly in C-code. To this end the C-function 
created by Dymola which contains the complete 
plant model, is directly called. 
Process control and simulation are done on sepa- 
rate computers. Ilie control of the simulation is 
done by using a message passing system, which is 
already implemented in the process control sys- 
tem. The process input parameters are transmitted 
from the plant's piilpit to the simulator and the 
calculated virtual measurement values are trans- 
mitted back to the control system. The interface 
structure allows to implement new models of any 
kind of plant configuration. 




Fig. 5: Bidirectional coupling of process control and simulation 
system by using message passing. 

RESULTS AND OUTLOOK 

Prototypical simulations of the cement clinker 
burning process for training purposes are now 
possible. The interactive, flexible and extendable 
simulator was connected to the process control 
system of cement plants. In the future a suitable 
parameterisation of the model will make a simu- 
lation of special training scenarios, e.g. of the 
plant start-up or the blockage of a cyclone stage, 
possible. 

Moreover the above mentioned steps for reducing 
the algebraic loops should be stepwise reversed. 
Consistent initial starting- values should then be 



achieved with the aid of continuation methods 
starting with a known trivial initial state of the 
system. With extending and detailing the model 
the simulator might help gaining a deeper under- 
standing of the whole process. 
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